Context. The Perseus arm, the nearest main arm from the Sun, has been studied by multiwavelength observations and numerical simulations. It has been revealed that the Perseus arm has an effect on gas kinematics known as the streaming motion (i.e., systematic peculiar motion), while direct comparisons between the observations and the simulations have been limited due to insufficient spatial/velocity resolutions. Aims. We aim to model the peculiar motion, and to derive physical parameters of the Perseus arm. Using the parameters, we discuss the role of the main arm in the Milky Way. Methods. We directly compare VLBI astrometry results for the Perseus arm, including accurate 3D position and velocity information, with the analytic gas dynamics model proposed by Piñol-Ferrer et al. (2012) . Results. We succeeded to explain the VLBI astrometry results with seven model parameters. The model showed an offset between a dense gas region and the bottom of the spiral potential model. Conclusion. Astrometry results can be used to judge previous theoretical works explaining the nature of the spiral arm (e.g., the density-wave theory, the recurrent transient spiral, etc.). The offset predicted from our model can be confirmed by stellar astrometry (e.g., Gaia astrometry). A combination of gas and stellar astrometry results will drastically change our understanding of the spiral arm in the near future.
Introduction
In 1964, the density-wave theory was proposed by Lin & Shu (1964) to overcome the winding dilemma, in which a spiral arm in a disk galaxy is destroyed within a time scale of several galactic rotations due to the differential rotation. After that, the density-wave theory has been used to discuss the evolution and dynamics of a spiral arm in a disk galaxy. For instance, Fujimoto (1968) and Roberts (1969) examined non-linear gas motion perturbed by the density wave (the spiral arm) numerically, and found the "Galactic shock" where velocity jump (non-circular motion) occurred and the gas accumulated behind the bottom of the spiral potential (see fig. 5 in Roberts 1969) .
Ever since 1960s, the density-wave theory has been supported by simulations and observations. However, the previous observations were mainly based on line-of-sight velocities (1D information) and 2D positions on the celestial sphere, which were not enough to conduct quantitative comparisons between the observations and the simulations in terms of both velocity and spatial resolutions.
Since 2000s Very Long Baseline Interferometry (VLBI) technique has allowed us to conduct Galactic-scale astrometry and to obtain accurate information about 3D positions and velocities of Galactic masers in the Milky Way (e.g., Reid & Honma 2014a; Reid et al. 2014b) . At the moment, we can conduct the direct (quantitative) comparisons between the astrometry results and Galactic dynamical models for understanding the dynamics and evolution of the spiral arm, as well as those of the Milky Way.
For the first step we compare between VLBI astrometry results and a gas dynamics model based on the density-wave theory in this paper. ν ) in the analytic model parameters which were varied within appropriate ranges. The chi-square (χ 2 ) can be simply written as where a i is a measurement with an uncertainty σ i , and ∆a i is the residual between the measurement and an expected value. We used peculiar motions (U and V ) with uncertainties referred from Reid et al. (2014b) for the measurements, and the residuals were calculated using the measurements and the analytic model. Table 1 displays the analytic model parameters used for a spiral potential, while we assumed a flat rotation model (i.e., Θ(R) = Θ 0 ) and Galactic constants of (R 0 , Θ 0 ) = (8.33 kpc, 240 km s −1 ) to describe a Galactic axisymmetric potential. Note that Θ(R) shows the rotation speed at a Galactocentric distance R. There are seven parameters of which three parameters, the amplitude, pitch angle, and mode of the spiral potential, were fixed based on previous researches. The other two parameters (λ and ε) are not basically observables, and therefore we searched them in a relatively wide range. λ and ε were searched in the same range between 1 and 30 km s −1 kpc −1 with an increment of 1 km s −1 kpc −1 .
Method:The least-squares fits
After the grid (discrete) search, we determined final values with errors using the formula provided by Bevington & Robinson (2002) as Through the least-squares fits described in the previous chapter, we determined the reduced ν values, we regard the model ID-8 as a good model in this paper. We note that this result is the first step result, since we have to sophisticate both the fitting procedure (i.e., the least-squares fit) and the analytic model. For instance, we assumed constant pitch angle and amplitude for the spiral potential, which may not represent the real Galaxy (e.g., bifurcation and spur of the spiral arm). However, the sophistication of the model is beyond the scope of this paper.
Results & Discussion
Figure 1 displays gas orbits model generated from ID-8. Observed and modeled peculiar motions for the Perseus arm are superimposed on the gas orbits model (see fig. 1 ), and also amplitude of the spiral potential (ID-8) is represented in the figure. Interestingly, the gas orbits of ID-8 concentrate around the sources located in the Perseus arm, meaning that our model (ID-8) based on the observed peculiar motions can predict the dense gas region precisely. The dense gas region is located at outer edge of the spiral potential (see fig. 1 ), which is consistent with Pinõl-Ferrer et al. (2012), but not consistent with the galactic shock proposed by Fujimoto (1968) and Roberts (1969) . The difference of the gas distribution may originate in difference between numerical (Fujimoto 1968; Roberts 1969) and analytic (Pinõl-Ferrer et al. 2012) solutions.
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Conclusion
We succeeded to conduct direct (quantitative) comparison between VLBI astrometry results and an analytic gas dynamics model for testing the density-wave theory, while the direct comparison has suffered from observational limitations such as insufficient spatial and velocity resolutions since 1964, in which the density-wave theory was proposed by Lin & Shu (1964) . We obtained some indications from the direct comparison, although sophistication of the model should be conducted (e.g., bifurcation of spiral arm).
For instance, our model suggested different pitch angles of gas and (probably) stellar spiral arms. Pitch angle of the Perseus arm was obtained to be 9.9 ± 1.5 deg by VLBI astrometry results in Choi et al. (2014) , while that of the spiral potential model was obtained to be ∼ 20 deg. The difference of the pitch angles will be able to be judged by stellar astrometry (e.g., Gaia astrometry). In addition, dense gas regions were deviated from bottom of the spiral potential model (see fig. 1 ), which will be also judged by stellar astrometry.
In the Gaia era, a combination of gas and stellar astrometry would be a powerful tool to discriminate several dynamics models such as the density-wave theory and the recurrent transient spiral proposed by mainly numerical simulations (e.g., Miller et al. 1970 ). The model selection will allow us to understand the origin and evolution of the spiral arm, as well as those of the Milky Way.
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